1. Introduction
===============

*Hypanis colorata* (Eichwald, 1829) (Cardiidae: Lymnocardiinae) is a bivalve relict species with a Ponto-Caspian distribution. The subfamily Lymnocardiinae includes several fossil genera and two extant genera, *Hypanis* and *Didacna*. In Romania, *Hypanis colorata* is a species under strict protection, according to national regulations. In the past the species had a wider distribution in the western Black Sea basin, but today the species is only present in several Black Sea lagoons in Romania and in Ukraine \[[@b1-ijms-12-00456],[@b2-ijms-12-00456]\]. The species is also a successful invader in the middle Dniepr and Volga regions \[[@b3-ijms-12-00456],[@b4-ijms-12-00456]\]. The literature regarding *H. colorata* is scarce and no data are available about the genetic diversity and population structure of the species.

Establishing biological conservation strategies requires knowledge of species populations genetic structure in order to identify evolutionary significant units (ESU), which are defined as a population or group of populations that deserve separate management or priority for conservation because of their high distinctiveness, both genetic and ecological \[[@b5-ijms-12-00456]\]. In the case of invasive species, the study of their genetic diversity in the invaded area in comparison to the native area could help to infer important aspects of the invasion process, like the route(s) of invasion, the time of invasion, *etc*. Microsatellite markers are useful tools to investigate the genetic diversity in wild populations because they are highly polymorphic and codominant \[[@b6-ijms-12-00456]--[@b8-ijms-12-00456]\].

In this paper we describe, for the first time, nine polymorphic microsatellite loci in the species *Hypanis colorata.*

2. Results and Discussion
=========================

After screening the microsatellite enriched genomic library, we selected a number of 21 positive clones (that generated two bands on an agarose gel) which were further sequenced using the LICOR 4300L Genetic Analyzer. All of the sequenced clones contained microsatellite motifs with at least four uninterrupted repeats, but only 15 of them were found suitable for primer design after discarding duplicates, hybrid clones and those clones with too short flanking regions of the microsatellite array, unsuitable for primer design. Nine out of 15 primer pairs gave consistent amplification and were subsequently used for polymorphism screening ([Table 1](#t1-ijms-12-00456){ref-type="table"}).

We tested the degree of polymorphism of the isolated loci in 32 individuals of *Hypanis colorata* collected from the Razelm-Sinoe Lake complex. The number of alleles per locus ranged from 4 to 28 and the observed heterozygosity ranged from 0.613 to 1.000 ([Table 2](#t2-ijms-12-00456){ref-type="table"}). After applying the Bonferroni correction, one locus (Hypo13) showed a significant deviation from the Hardy-Weinberg equilibrium (HWE) (p \< 0.05), while linkage disequilibrium was found between four pairs of loci out of 81 compared pairs (Hypo13 *vs*. Hypo10, Hypo13 *vs*. Hypo11, Hypo13 *vs*. Hypo2 and Hypo9 *vs*. Hypo5). All these instances of linkage disequilibrium were no longer statistically supported after Bonferroni correction. The results of the Micro-Checker testing showed that two of the loci (Hypo12 and Hypo5) exhibited an excess of homozygotes, most likely due to the presence of null alleles. This is a common reported phenomenon in bivalve species \[[@b9-ijms-12-00456],[@b10-ijms-12-00456]\].

The microsatellites developed in the present study are highly polymorphic and they should be useful for further studies of conservation genetics, and may thus improve our understanding of the life history of these relict species. They can also be used to study how the genetic diversity of the invasive populations of *H. colorata* changes through space and time in comparison to native populations, which could lead to the identification of general features of the invasive process of this species.

[Table 1](#t1-ijms-12-00456){ref-type="table"} shows the primer sequences and characteristics of the nine microsatellite loci successfully amplified in *H. colorata*. [Table 2](#t2-ijms-12-00456){ref-type="table"} shows the variation across the nine microsatellite loci in *H. colorata*.

3. Experimental Section
=======================

The microsatellite loci were developed using a modified enrichment protocol \[[@b11-ijms-12-00456],[@b12-ijms-12-00456]\]. Specimens of *H. colorata* were collected in 2009 from the Razelm Sinoe Lagoon and tissue samples were preserved in 95% ethanol. The genomic DNA was extracted from the muscular tissue of 5 individuals, using the NucleoBond^®^ AXG 100 Kit (Macherey-Nagel GmbH & Co. KG, Düren, Germany), according to the producer's specifications. The different DNA extractions were pooled and then 9 μg of DNA was digested with the restriction enzyme Sau3AI (Jenna Bioscience GmbH, Jena, Germany) for two hours at 37 °C.

The isolated DNA fragments were ligated to double strand adaptors which were constructed from two different oligonucleotides mixed at a concentration of 25 μM each, denaturated at 80 °C for 5 minutes, then cooled down to room temperature for 1 hour \[[@b11-ijms-12-00456]\]. The DNA sequence of the oligos is 5′-gatcgtcgacggtaccgaattct-3′ (OligoA) and 5′-gtcaagaattcggtaccgtcgac-3′ (OligoB). Adaptor-ligated DNA was run in a 2% agarose gel and fragments from 400 bp to 800 bp in size were excised and purified using the GeneJET™ Gel Extraction Kit (Fermentas UAB, Vilnius, Lithuania). The ligated fragments were submitted to a short (10 cycles) polymerase chain reaction (PCR) using OligoA as a primer, in order to increase the number of DNA fragments with ligated adaptors at both ends \[[@b12-ijms-12-00456]\]. This PCR reaction was performed in 25 μL of a solution containing 10 mM Tris-HCl (pH 8.8 at 25 °C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 2.5 mM MgCl~2~, each dNTP at 0.1 mM, OligoA primer at 10 μM, 1 unit of Taq DNA polymerase (Fermentas UAB, Vilnius, Lithuania) and approximately 20 ng of DNA template. The temperature profile of the polymerase chain reaction consisted of an initial denaturation at 94 °C for 30 s, followed by 10 cycles at 95 °C for 50s, 65 °C for 1min, 72 °C for 2 min and a final extension step performed at 72 °C for 10 min. After completion, the PCR reaction was purified with the GeneJET™ PCR Purification Kit (Fermentas UAB, Vilnius, Lithuania).

The purified fragments were enriched in microsatellite DNA containing sequences with the biotinylated probe (5′-Biotin-ATAGAATAT(CA)~16~), following a described procedure \[[@b11-ijms-12-00456]\]. Basically, the Dynabeads^®^ M-270 Streptavidin coated magnetic beads (Dynal Invitrogen USA) were coupled with the biotinylated probe, then this complex was hybridized with the microsatellite DNA containing fragments which were fished out from the reaction mix with a magnet. The beads coupled with the microsatellite DNA containing fragments were further used as template in a PCR reaction aimed at increasing the number of fragments containing microsatellite DNA sequences. This PCR reaction was performed in a total volume of 50 μL, containing 8 μL of beads suspension, 10 mM Tris-HCl (pH8.8 at 25 °C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 2.5 mM MgCl~2~, each dNTP at 0.2 mM, OligoA as a primer at 0.6 μM and 1 unit of Taq DNA polymerase (Fermentas UAB, Vilnius, Lithuania). The PCR conditions consisted of an initial denaturation at 95 °C for 3 min, followed by 5 cycles of 95 °C for 30 s, 60 °C for 30 s, 72 °C for 45 s, followed by 30 cycles of 92 °C for 30 s, 60 °C for 30 s, 72 °C for 55 s, followed by a final elongation step at 72 °C for 30 min.

The PCR products were purified using the Gene JET™ PCR Purification Kit (Fermentas UAB, Vilnius, Lithuania), ligated into the pJET1.2 vector using the CloneJET™ PCR Cloning Kit (Fermentas UAB, Vilnius, Lithuania), transformed into DH5α *Escherichia coli* competent cells, using the TransformAid™ Bacterial Transformation Kit (Fermentas UAB, Vilnius, Lithuania) and plated on LB agar plates containing 50 μg/μL ampicillin. The pJET1.2 vector used for cloning contains a lethal gene which is disrupted by the successful insertion of the cloned DNA fragment and, as a consequence, only the colonies containing DNA inserts grew on the agar plates.

The screening of these positive colonies for the identification of microsatellite DNA containing clones was performed by a PCR reaction with OligoA and a CA repeat oligo as primers. The OligoA primer yielded an amplicon the size of the insert, while the pair OligoA/Oligo CA yielded a second amplicon from the clones containing the CA repeat motif.

The PCR primers for each microsatellite locus were designed using Primer3 program \[[@b13-ijms-12-00456]\]. One primer of each pair was modified by adding at the 5′ end a M13 tail to facilitate the genotyping on a LICOR 4300L system, using a labeled primer strategy, according to the producer's specifications. The PCR genotyping reaction was performed in a 10 μL total volume containing about 50 ng of DNA template, 10 mM Tris-HCl (pH 8.8 at 25 °C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 1.5 mM or 2.5 mM MgCl~2~, (see [Table 1](#t1-ijms-12-00456){ref-type="table"} for details for each locus) each dNTP at 0.1 mM, each primer at 0.1 μM, 0.02 μM of IRD700 or IRD800 labeled M13 primer and 0.5 units of Taq DNA polymerase (Fermentas UAB, Vilnius, Lithuania). The temperature profile of the PCR reaction consisted of an initial denaturation step at 95 ºC for 3 min followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at a specific temperature for each locus (see [Table 1](#t1-ijms-12-00456){ref-type="table"} for details for each locus) for 30 s and extension at 72 °C for 45 s, followed by a final extension step at 72 °C for 5 min. After the PCR completion, 2 μL of formamide loading buffer was added to the samples followed by denaturation at 95 °C for 3 min, before loading them on a 6.5% polyacrylamide gel on a LICOR 4300 L genetic analyzer. The genotyping process was performed using Saga^GT^ v3.1 software package.

GenAlEx 6.4 was used to estimate the number of alleles per locus (N~A~), observed heteroygosity (H~obs~) and expected heterozygosity (H~exp~) \[[@b14-ijms-12-00456]\]. Also, deviation from the Hardy-Weinberg equilibrium (HWE) was tested using the same software package. The presence of null alleles was tested using Micro-Checker (ver. 2.2.3) \[[@b15-ijms-12-00456]\] while linkage disequilibrium test was carried out using Arlequin ver. 3.1 \[[@b16-ijms-12-00456]\].
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###### 

Primer sequences and characteristics of nine microsatellite loci successfully amplified in *Hypanis colorata*. T~a~, annealing temperature; \[MgCl~2~\], MgCl~2~ concentration in the PCR reaction; Size, range size of alleles.

  Marker   Accession no.   Repeat motif                            Primer sequence (5′-3′)    T~a~ (ºC)   \[MgCl~2~\]   Size (bp)
  -------- --------------- --------------------------------------- -------------------------- ----------- ------------- -----------
  Hypo5    HQ696514        (TG)~31~                                F: gtagtgggtttcggggaga     52          2.5 mM        268--394
                                                                   R: tctgcccaacacaaatggta                              
  Hypo10   HQ696515        (TG)~28~                                F: tgcaacaaaacaggcaagaa    53          1.5 mM        166--280
                                                                   R: gcccgtatgaagcaaattgt                              
  Hypo11   HQ696516        (TG)~35~                                F: ataaggtgtgcgtgcaagtg    50          2.5 mM        198--286
                                                                   R: cattctcacatgggttgctg                              
  Hypo12   HQ696517        (AACAG)~4~                              F: gcggtgttggtcacacttatt   52          2.5 mM        166--266
                                                                   R: tctggtgtggtgtgaggtgt                              
  Hypo14   HQ696518        (AC)~3~AT(AC)~36~                       F: caacaaagggcacaaacaag    53          1.5 mM        164--292
                                                                   R: catatccagagctggcttcc                              
  Hypo15   HQ696519        (AC)~1~AG(AC)~55~                       F: ccccctgttgtaacgtgttt    52          2.5 mM        167--305
                                                                   R: cataccgccttttgtatgtcc                             
  Hypo2    HQ696520        (CA)~4~TA(CA)~4~CT(CA)~2~CGTA(CA)~24~   F: caaacacatccacgccaata    54          2.5 mM        200--264
                                                                   R: ttggacaatggatacacgtca                             
  Hypo9    HQ696521        (AC)~52~                                F: gccattttgtgtcccagact    54          2.5 mM        180--292
                                                                   R: ggggcaatacatacctgagc                              
  Hypo13   HQ696522        (AC)~5~AT(AC)~3~AT(AC)~20~              F: gagaggggtcaggtcacaaa    54          2.5 mM        186--208
                                                                   R: gccggatgtatgtccaagtaa                             

###### 

Variation across 9 microsatellite loci in *Hypanis colorata*.

  Marker   N    N~A~   H~obs~   H~exp~   HW-p
  -------- ---- ------ -------- -------- -----------------------------------------------------
  Hypo5    32   28     0.839    0.949    0.090
  Hypo10   32   19     0.935    0.864    0.083
  Hypo11   32   24     1.000    0.914    0.916
  Hypo12   32   8      0.613    0.767    0.743
  Hypo14   32   22     0.969    0.923    0.996
  Hypo15   32   24     1.000    0.914    0.186
  Hypo2    32   11     0.903    0.679    0.635
  Hypo9    32   16     0.933    0.829    0.012
  Hypo13   32   4      0.906    0.522    0.001[\*](#tfn2-ijms-12-00456){ref-type="table-fn"}

N, sample size; N~A~, number of alleles; H~obs~, observed heterozygosity; H~exp~, expected heterozygosity; HW-p: probability value of chi square test for Hardy--Weinberg equilibrium;

indicates significant departure (P \< 0.05) from expected Hardy-Weinberg equilibrium conditions after correction for multiple tests (k = 9).
